The present study examined whether bilingualism facilitates acquisition of novel words in adults with different language histories. Word-learning performance was tested in monolingual English speakers, early English-Spanish bilinguals, and early English-Mandarin bilinguals. Novel words were phonologically unfamiliar to all participants, and they were acquired in association with their English translations. At testing, both bilingual groups outperformed the monolingual group. These findings indicate that bilingualism facilitates word-learning performance in adults, and they suggest a general bilingual advantage for novel word learning.
The results of recent research on interactions between linguistic experience and cognitive function suggest that bilingualism can positively influence nonlinguistic cognition (e.g., Bialystok, 1999; Bialystok, Craik, Klein, & Viswanathan, 2004; Colzato et al., 2008; Costa, Hernández, & Sebastián-Gallés, 2008) , as well as some aspects of linguistic processing (e.g., Bialystok, Luk, & Kwan, 2005; Bruck & Genesee, 1995) . In the nonlinguistic domain, bilingualism has been shown to facilitate selective attention and inhibitory control in both children (Bialystok & Martin, 2004 ) and adults (Bialystok, Craik, & Ryan, 2006) . In the linguistic domain, bilingualism has been shown to facilitate children's performance on metaphonological tasks that probe the ability to analyze and manipulate language in terms of discrete phonemic units (Bialystok, Majumder, & Martin, 2003; Bruck & Genesee, 1995) . The goal of the present study was to examine the effects of bilingualism on adults' ability to acquire new words.
Similar to the effects of bilingualism on phonological awareness and inhibitory control, early exposure to two languages may facilitate word learning. Since early bilingualism appears to facilitate some aspects of phonological processing (see, e.g., Bialystok et al., 2003) , it is possible that early exposure to two languages also facilitates the ability to acquire novel phonological forms. Two previous studies tested the impact of language-learning experience on vocabulary acquisition (Papagno & Vallar, 1995; Van Hell & Mahn, 1997) ; however, neither examined the effects of early bilingual exposure on word learning. Instead, both Papagno and Vallar (1995) and Van Hell and Mahn (1997) tested vocabulary acquisition in multilingual adults who had acquired their various second (and third) languages via classroom exposure. The vocabulary-learning paradigm in both studies resembled paired-associate learning, in which the novel word is presented in association with its native-language translation. This method is frequently used in classroom foreign-language teaching; therefore, it is possible that the superior performance that was observed for experienced (vs. inexperienced) language learners in both studies resulted from a transfer of classroom learning strategies, and not from bilingualism per se. It remains unknown whether naturalistic acquisition of two languages early in life yields bilingual advantages on paired-associate learning tasks in adults.
The present study addressed two goals. First, we aimed to examine the effects of early exposure to two languages on word-learning ability in adults. We therefore examined word learning in adults who had acquired their two languages very early in life. Second, we were interested in examining how general a bilingual advantage for wordlearning (if revealed) is. We therefore examined whether experience with two phonologically and orthographically similar languages (e.g., English and Spanish) and two phonologically and orthographically different languages (e.g., English and Mandarin Chinese) would both yield word-learning advantages.
Crosslinguistic similarity between the two languages that are known to bilinguals may be an important factor in shaping the bilingual advantage for word learning. Although the bilingual advantage on nonlinguistic tasks does not rely on the specific combination of languages that are spoken by bilinguals (see, e.g., , the bilingual advantage on phonological tasks appears to depend on the characteristics of the two languages. For instance, Bialystok et al. (2003) and Bialystok et al. (2005) demonstrated that performance on phonological-awareness tasks is facilitated in only those bilinguals whose two languages share the same print-to-In sum, the present study tested (1) whether early bilingual experience facilitates word learning later in life, and (2) whether experience with two languages that do not share an alphabet or print-to-sound conversion principles (English and Mandarin) yields a similar advantage to that yielded by experience with two languages that share an alphabet and print-to-sound conversion principles (English and Spanish).
METHOD Participants
Sixty participants were recruited for the study: 20 English-Spanish bilinguals, 20 English-Mandarin bilinguals, and 20 English-speaking monolinguals. Participant characteristics are presented in Table 1 . The three groups were comparable in terms of age and education levels. In order to ensure high and equal levels of native-language knowledge across the three groups, standardized English vocabulary tests were administered to all participants. The three groups did not differ in performance on either the receptive (Peabody Picture Vocabulary Test-III; Dunn & Dunn, 1997) or the expressive (Expressive Vocabulary Test; Williams, 1997) vocabulary tests. Because word-learning ability has been shown to correlate with phonological working memory capacity (see, e.g., Gupta, 2003) , a measure of phonological working memory was also administered to all participants. Specifically, participants completed the digit-span subtest of the Comprehensive Test of Phonological Processing (Wagner, Torgesen, & Rashotte, 1999) . Crossgroup comparisons revealed that the three groups of participants performed similarly on the digit-span measure.
All participants were native speakers of English. The two bilingual groups consisted of native speakers of English who had acquired either Spanish or Mandarin as a second language. Language-proficiency, learning-history, and current-exposure data were obtained from all bilingual participants using the Language Experience and Proficiency Questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007) , and they are presented in Table 2 . Although both groups acquired L2 very early in life, English-Mandarin bilinguals acquired their L2 at a younger age than did English-Spanish bilinguals. Both groups of participants indicated similarly high L2-proficiency levels and comparable preference levels regarding the use of their L2.
Participants' learning-history data revealed that English-Spanish and English-Mandarin bilinguals were exposed to their L2 primarily in the family context, and they had spent very little time exposed to formal L2 schooling. Data were collected regarding the relative contribution of different learning environments to L2 acquisition. In both groups of bilinguals, participants reported that on a scale of 0 (not a contributor) to 10 (most important contributor), exposure to family members was the most important contributor to their L2 acquisition, whereas schooling was the least important contributor. Data regarding participants' current exposure to L2 revealed that at the time of the study, participants were exposed to L2 mostly in the context of family sound conversion principle (e.g., alphabetic systems of English and Hebrew) and/or the same writing system (e.g., the Roman alphabet of English and Spanish). Conversely, bilinguals whose languages do not share the same print-to-sound conversion system (e.g., English and Cantonese) do not show an advantage over monolinguals on phonological-awareness measures. Because word learning is a phonological task, it is possible that the effects of bilingualism on word-learning performance are subject to the same constraints that phonological-awareness tasks are. Previous studies on word learning in bilinguals (Papagno & Vallar, 1995; Van Hell & Mahn, 1997 ) focused on multilinguals who spoke two or more related languages that share an alphabet; therefore, it is unclear whether the advantage for word learning can arise independently of script differences, or whether it can be observed only in bilinguals whose two languages share phonological and orthographic properties.
It thus remains unknown whether the bilingual advantage on word-learning tasks generalizes to early bilinguals who learned their second language (L2) in a natural immersion environment, and to bilinguals whose languages do not share an alphabet. The present study examined the effect of different types of bilingualism on word learning in adults by comparing English monolinguals to English-Spanish bilinguals and English-Mandarin bilinguals. English-Spanish bilinguals were chosen because English and Spanish share the Roman alphabet; English-Mandarin bilinguals were chosen because the alphabetic English and the logographic Mandarin have distinct script systems.
Since word learning is facilitated by phonological familiarity (see, e.g., Ellis & Beaton, 1993) , the phonological structure of novel words was carefully manipulated to be equally unfamiliar to all participants, monolingual and bilingual. It is impossible to equate the degree of phonological overlap among three natural languages; therefore, we designed an artificial phonological system that would overlap with English, Spanish, and Mandarin to similar degrees. Because a fully familiar phonological system would be too easy to acquire, we introduced a level of difficulty into the task by incorporating phonemes that would not be familiar to any of the participants. Introduction of unfamiliar phonemes also served to make the task more ecologically valid, since acquisition of a new language often entails exposure to unfamiliar phonemes. 
Procedure
Vocabulary learning. Participants heard the novel word pronounced twice over headphones, and they saw its written English translation on the computer screen. Participants were instructed to repeat the novel word and its English translation out loud three times. Each pair was presented twice during the learning phase. Learning was self-paced.
Vocabulary testing. Participants' memory was tested using recall and recognition tasks both immediately after learning and after a 1-week delay. During recall testing, participants heard the novel word and pronounced its English translation. During recognition testing, participants heard the novel word and chose the correct English translation from five options that were listed on the computer screen. The five options included the correct English translation and four foils. Of the four foils, two were English translations for other novel words, one was an English word that was semantically related to the correct English translation, and one was an unrelated English word.
Testing involved recall of English translations and not production of novel words, for two reasons. First, production of phonologically unfamiliar novel words was unduly difficult and yielded floor performance effects during piloting. Second, we were more interested in the effects of bilingualism on the acquisition of word meanings than on pronunciation skills.
Analyses
Recognition and recall data were each analyzed using a 2 3 ANOVA, with group (monolinguals, English-Spanish bilinguals, English-Mandarin bilinguals) as a between-subjects independent variable, and testing session (immediate vs. delayed) as a withinsubjects independent variable. Both by-subject (F 1 ) and by-item (F 2 ) analyses were conducted. Because groups differed in their age of acquisition (AoA) of L2, analyses of covariance that factored out L2 AoA were also performed.
RESULTS
The results of recognition and recall comparisons are presented in Figure 1 . A 2 3 ANOVA for recognition data revealed a main effect of group [F 1 (2,55) 4.86, MS e 0.04, p .01, 2 p .15; F 2 (2,141) 14.00, MS e 0.03, p .001, 2 p
.17], with English-Spanish bilinguals (M 0.73, SE 0.03) and English-Mandarin bilinguals (M 0.74, SE 0.03) demonstrating accuracy rates that were higher than those of monolinguals (M rather than in the context of formal schooling. The overall exposure to L2 at the time of the study was comparable across the two groups. The relatively low percentages of current L2 exposure (11.79% for English-Spanish bilinguals and 9.58% for English-Mandarin bilinguals) resulted from the fact that at the time of the study, participants were university students who interacted mostly in English.
Materials
An artificial phonological system was constructed to include four English phonemes (two vowels, / / and / /; two consonants, / / and/ /) and four non-English phonemes (two vowels, / / and / /; two consonants, / / and / /). The eight phonemes were used to construct 48 disyllabic novel words. Novel words were paired with their English "translations." All 48 English translations referred to concrete, imageable objects with high-frequency English names. None of the novel words were phonologically similar to their English translations.
None of the four non-English phonemes in the artificial phonemic inventory belonged to either the Spanish (see, e.g., Martínez-Celdrán, Fernández-Planas, & Carrera-Sabaté, 2003) or the Mandarin (see, e.g., Wan & Jaeger, 2003) phonological system. Neither Spanish nor Mandarin possesses a high central rounded vowel / / or a high near-front rounded vowel / / (although both languages include high vowels / / and / /). Similarly, neither Spanish nor Mandarin includes an alveolar retroflex stop / / and the uvular fricative / /, but both incorporate the dental and/or alveolar stop / / and have the velar stop / / and the velar fricative / /. The four non-English sounds are therefore equally unfamiliar to speakers of Spanish and Mandarin.
A monolingual native speaker of English produced all the stimuli after extensive training on their pronunciation. Perceptual ratings were obtained for the novel words to ensure that the novel words were dissimilar from English, Spanish, and Mandarin phonological systems. Ten monolingual speakers of English rated the stimuli for their "wordlikeness" in regards to English, 10 English-Spanish bilinguals rated the stimuli for their "wordlikeness" in regards to Spanish, and 10 English-Mandarin bilinguals rated the stimuli for their "wordlikeness" in regards to Mandarin Chinese. Raters were different from the participants who were recruited for the wordlearning experiment, but they represented the same populations. Raters listened to each novel word and judged it on a Likert scale [1 does not sound like a possible English (or Spanish or Mandarin) word, 7 sounds like a possible English (or Spanish or Mandarin) word]. Novel words were rated low in terms of wordlikeness in all three languages. Analyses revealed comparable ratings for the likelihood that the nonwords sounded English (M 2.78, SE 0.14), Spanish (M 2.82, SE 0.13), or Mandarin (M 2.49, SE 0.09) ( p .1). Because the two bilingual groups differed in their L2 AoA, it is possible that differences between the two bilingual groups were obscured by AoA differences; therefore, all comparisons between the two bilingual groups were rerun with AoA as a covariate. The results remained the same, with the two bilingual groups demonstrating comparable accuracy rates on both recognition and recall measures.
DISCUSSION
The objective of this study was to examine whether different types of bilingualism have distinct influences on adults' ability to learn novel words. The results suggest a bilingual advantage, with both bilingual groups outperforming the monolingual group. This bilingual advantage was observed for all performance measures, and it was maintained long-term. Because both groups of bilinguals acquired their two languages early in life, these effects cannot be attributed to bilinguals' enhanced use of classroom learning strategies. Moreover, because we ensured that novel words would be equally unfamiliar to all par-0.61, SE 0.03) (all Bonferroni post hoc ps .01). The analysis also revealed a main effect of testing session [F 1 (1,55) 1,423.05, MS e 0.01, p .0001, 2 p .96; F 2 (1,141) 5,960.75, MS e 0.01, p .001, 2 p .98], with participants performing more accurately during immediate testing (M 0.76, SE 0.02) than during delayed testing (M 0.63, SE 0.02). Follow-up univariate ANOVAs with group as the independent variable revealed that the two bilingual groups outperformed the monolingual group on both immediate (Bonferroni post hoc ps .01) and delayed (Bonferroni post hoc ps .01) recognition measures, but did not differ from each other.
A 2 3 ANOVA for recall data revealed a main effect of group [F 1 (2,54) study, a digit-span task was administered to all participants in order to measure their phonological memory. Interestingly, the measures of word learning and phonological memory diverged. Both bilingual groups outperformed the monolingual group on the word-learning task, yet both bilingual groups performed similarly to the monolingual group on the digit-span task. It appears, therefore, that the bilingual advantage for novel word learning in the present study cannot be accounted for by phonological-memory differences between bilinguals and monolinguals, at least as measured through the digit-span task. Future work that explicitly relates various phonological working memory measures with word-learning performance is necessary before firm conclusions about the role of working memory storage capacity in the development of the bilingual advantage for word learning can be reached.
Lastly, the bilingual advantage on the word-learning task can be traced to a more efficient retrieval of stored information from memory in bilinguals than in mono linguals. This account fits with previous work regarding the effects of bilingualism on inhibitory-control tasks (e.g., Bialystok, 1999; Colzato et al., 2008; Costa et al., 2008) . Bilingual language processing is characterized by habitual suppression of words from one language in order to select words from the target language. This pattern appears to facilitate better performance by bilinguals on selective-attention tasks relative to the performance of monolinguals (see, e.g., . Word-learning performance may rely on such inhibitory mechanisms. For instance, retrieving English translations for newly learned novel words can be seen as a selectiveattention task in which the target translation must be selected and the alternatives must be inhibited. This account of the bilingual advantage on the word-learning tasks can be tested by modifying the procedure so that the novel word is linked to a novel, rather than a familiar, concept.
To conclude, the results of the present study suggest a general bilingual advantage for novel word learning. This bilingual advantage has been observed previously in adults who have acquired their multiple languages through classroom exposure. Here, we demonstrated a bilingual advantage for word learning in bilinguals who had acquired their two languages early in life through naturalistic immersion. Because word learning is a complex cognitive task, it is likely that a combination of factors yields the bilingual advantage for word learning. Although the mechanisms of the bilingual advantage for word learning demand further experimentation, the present study was successful in demonstrating that acquisition of any two languages early in life facilitates the ability to learn new words in adulthood. Both experience with two related languages (English and Spanish) and experience with two phonologically and orthographically distinct languages (English and Mandarin) yielded an advantage for vocabulary acquisition.
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The results also indicate that both experience with Spanish and experience with Mandarin facilitated novel word learning. These findings diverge somewhat from the previous work on phonological advantages in bilingual children. Prior research showed that phonological processing in bilinguals is facilitated through acquisition of two languages that share letter-to-phoneme conversion principles; however, bilingual children whose two languages had distinct writing systems did not show metaphonological advantages (see, e.g., Bialystok et al., 2005; Bialystok et al., 2003) . In the present study, acquisition of novel phonological information in adults was facilitated through experience with either Spanish or Mandarin to similar degrees. These findings indicate that experience with any two phonological systems early in life facilitates subsequent phonological learning that is independent of the writing systems. In that, the bilingual advantage for novel word learning seems more akin to bilingual advantage effects that have been observed for nonlinguistic tasks (see, e.g., Costa et al., 2008) , rather than those that have been observed for linguistic tasks (see, e.g., Bialystok et al., 2005; Bruck & Genesee, 1995) .
The present study informs the search for the mechanisms underlying the bilingual advantage on cognitive and linguistic tasks by suggesting that early experience with two phonological systems leads to improved learning of novel phonological information later in life. Considering word learning within the information-processing framework, where information is encoded, stored, and retrieved, points to a number of potential mechanisms for the bilingual advantage that were observed in the present study. It is possible that the bilingual advantage results from more efficient encoding of phonologically unfamiliar information in bilingual speakers than that in monolingual speakers. Early exposure to two phonological systems may delay the onset of language-specific phonological tuning (see, e.g., Bosch & Sebastián-Gallés, 2001) , and a more tolerant phonological system that persists into adulthood may make bilinguals especially well equipped for encoding unfamiliar phonological information. This explanation of the bilingual advantage can be tested in future research by exposing participants to novel words that are based on familiar phonology.
It is also possible that the bilingual advantage results from bilinguals' increased memory-storage capacity relative to monolinguals. This is precisely the mechanism of the bilingual advantage that was suggested by Papagno and Vallar (1995) , who proposed that the bilingual advantage for word learning is rooted in bilinguals' higher working memory capacity. Linking word-learning advantages to working memory is logical, given that prior work has indicated an association between word-learning and workingmemory performance (e.g., Gupta, 2003; Papagno, Valentine, & Baddeley, 1991; Service, 1992) . In the present
